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ȼɜɟɞɟɧɢɟ 

Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ ɫɨɜɪɟɦɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ 
ɩɪɢɪɨɞɵ ɭɫɬɚɥɨɫɬɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ, ɬɚɤ ɤɚɤ ɨɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɭɫɬɚɥɨɫɬɢ ɜɨ ɦɧɨɝɨɦ 
ɡɚɜɢɫɢɬ ɪɚɛɨɱɢɣ ɩɨɬɟɧɰɢɚɥ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ. ȼ ɫɜɹɡɢ ɫ 
ɷɬɢɦ ɩɪɨɛɥɟɦɚ ɭɫɬɚɥɨɫɬɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɹɜɥɹɟɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɚɤɬɭɚɥɶɧɨɣ. ɋ 
ɬɨɱɤɢ ɡɪɟɧɢɹ ɟɟ ɪɟɲɟɧɢɹ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɦɢ ɢ ɫɥɨɠɧɵɦɢ ɹɜɥɹɸɬɫɹ ɜɨɩɪɨɫɵ, 
ɫɜɹɡɚɧɧɵɟ ɫ ɦɟɯɚɧɢɡɦɚɦɢ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɦɚɬɟɪɢɚɥɟ ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ 
ɧɚɝɪɭɠɟɧɢɢ. 

ȼ ɮɢɡɢɱɟɫɤɨɣ ɦɟɡɨɦɟɯɚɧɢɤɟ ɩɥɚɫɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ ɢ ɪɚɡɪɭɲɟɧɢɟ ɬɜɟɪɞɵɯ 
ɬɟɥ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɞɜɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɨɪɝɚɧɢɱɟɫɤɢ ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɟ 
ɫɬɚɞɢɢ ɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨɬɟɪɢ ɢɯ ɫɞɜɢɝɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ 
ɤɨɬɨɪɨɦ ɨɫɧɨɜɚɧɨ ɧɚ ɚɧɚɥɢɡɟ ɢɟɪɚɪɯɢɢ ɫɚɦɨɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨɜɨɪɨɬɧɵɯ ɦɨɞ 
ɞɟɮɨɪɦɚɰɢɢ [1]. 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɧɚ ɩɪɚɤɬɢɤɟ ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɜɢɞɨɜ ɪɚɡɪɭɲɟɧɢɹ ɦɟɬɚɥɥɨɜ ɢ 
ɫɩɥɚɜɨɜ ɹɜɥɹɟɬɫɹ ɭɫɬɚɥɨɫɬɧɨɟ ɪɚɡɪɭɲɟɧɢɟ, ɚ ɨɞɧɢɦ ɢɡ ɡɧɚɱɢɦɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɦɟɬɚɥɥɨɜ ɹɜɥɹɟɬɫɹ ɬɢɬɚɧ, ɰɟɥɶ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢ 
ɦɟɯɚɧɢɡɦɨɜ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɢ ɪɚɡɪɭɲɟɧɢɹ ɧɚ ɦɟɡɨ- ɢ ɦɚɤɪɨɦɚɫɲɬɚɛɧɨɦ 
ɭɪɨɜɧɹɯ ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɬɢɬɚɧɚ. 
 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɬɟɯɧɢɱɟɫɤɢɣ ɬɢɬɚɧ ȼɌ1-0 ɜ 
ɢɫɯɨɞɧɨɦ ɢ ɧɚɜɨɞɨɪɨɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɹɯ. ȼ ɩɨɫɬɚɧɨɜɤɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɬɢɬɚɧ 
ɢɧɬɟɪɟɫɟɧ ɬɟɦ, ɱɬɨ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɨɧ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɱɟɧɶ ɜɵɫɨɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɜɵɫɨɤɢɯ ɫɢɥ ɫɜɹɡɢ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ 
ɢ ɜɵɫɨɤɢɦ ɦɨɞɭɥɟɦ ɫɞɜɢɝɚ, ɫ ɞɪɭɝɨɣ – ɨɧ ɢɦɟɟɬ ɧɢɡɤɭɸ ɫɞɜɢɝɨɜɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ 
(ɟɝɨ ɷɧɟɪɝɢɹ ɞɟɮɟɤɬɚ ɭɩɚɤɨɜɤɢ ɜɫɟɝɨ 10 ɦȾɠ/ɦ2) ɢ ɫɤɥɨɧɟɧ ɤ ɩɨɥɢɦɨɪɮɢɡɦɭ. ɉɪɢ 
ɜɵɫɨɤɢɯ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɨɛɴɟɦɚ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɹɯ ɬɢɬɚɧɚ ɩɪɢ 
ɧɚɝɪɭɠɟɧɢɢ ɦɨɠɧɨ ɨɠɢɞɚɬɶ ɨɛɥɟɝɱɟɧɧɨɟ ɪɚɡɜɢɬɢɟ ɩɪɨɰɟɫɫɨɜ ɫɬɪɭɤɬɭɪɧɵɯ 
ɩɟɪɟɫɬɪɨɟɧɢɣ ɢɡ ɨɞɧɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɜ ɞɪɭɝɭɸ. 

ɂɫɩɵɬɚɧɢɹ ɧɚ ɭɫɬɚɥɨɫɬɶ ɩɪɨɜɨɞɢɥɢ ɡɧɚɤɨɩɟɪɟɦɟɧɧɵɦ ɢɡɝɢɛɨɦ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɪɟɠɢɦɟ ɦɧɨɝɨɰɢɤɥɨɜɨɣ ɭɫɬɚɥɨɫɬɢ. 

Ɍɪɟɯɦɟɪɧɭɸ ɩɨɜɟɪɯɧɨɫɬɧɭɸ ɤɚɪɬɢɧɭ ɦɟɡɨɫɤɨɩɢɱɟɫɤɨɣ ɫɭɛɫɬɪɭɤɬɭɪɵ ɩɨɥɭɱɚɥɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɢɤɪɨɫɤɨɩɚ Zeiss Axiovert 25CA, ɫɧɚɛɠɟɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɨɦ DIC 
ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ – ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɝɨ ɤɨɧɬɪɚɫɬɚ. Ⱦɥɹ 
ɬɪɟɯɦɟɪɧɨɝɨ ɚɧɚɥɢɡɚ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɫɤɚɧɢɪɭɸɳɢɣ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɣ ɦɢɤɪɨɫɤɨɩ New View 6200. 
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Ɋɢɫɭɧɨɤ 1. ɗɤɫɬɪɭɡɢɹ 
ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɡɟɪɟɧ Ti ȼɌ1-0, 

N=104ɰ, ×150 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɍɫɬɚɥɨɫɬɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚɱɢɧɚɟɬɫɹ ɨɛɵɱɧɨ ɜ 

ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɹɯ, ɤɨɬɨɪɵɟ ɜ ɩɪɟɞɫɬɚɜɥɟɧɢɹɯ ɮɢɡɢɱɟɫɤɨɣ ɦɟɡɨɦɟɯɚɧɢɤɢ 
ɹɜɥɹɸɬɫɹ ɜɚɠɧɨɣ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɩɨɞɫɢɫɬɟɦɨɣ. 

ȼɵɩɨɥɧɟɧɧɨɟ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɟɡɨɫɭɛɫɬɪɭɤɬɭɪɵ 
ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɟɜ ɬɢɬɚɧɚ ɧɚ ɪɚɡɧɵɯ ɷɬɚɩɚɯ ɡɧɚɤɨɩɟɪɟɦɟɧɧɨɝɨ ɢɡɝɢɛɚ ɩɨɤɚɡɚɥɨ 
ɚɧɨɦɚɥɶɧɨ ɧɢɡɤɭɸ ɢɯ ɫɞɜɢɝɨɜɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ. ɉɨɦɢɦɨ ɷɬɨɝɨ ɭɫɬɚɧɨɜɥɟɧɚ ɢ ɨɱɟɧɶ 
ɧɢɡɤɚɹ ɫɞɜɢɝɨɜɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɝɪɚɧɢɰ ɡɟɪɟɧ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɹɯ ɬɢɬɚɧɚ. Ɉɛ 
ɷɬɨɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɷɮɮɟɤɬ ɷɤɫɬɪɭɡɢɢ ɡɟɪɟɧ, ɤɨɬɨɪɵɣ ɜ ɯɨɞɟ ɢɫɩɵɬɚɧɢɣ 
ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɥɫɹ (ɪɢɫ. 1). ɗɤɫɬɪɭɡɢɹ ɡɟɪɟɧ ɟɫɬɶ ɩɪɨɹɜɥɟɧɢɟ ɦɟɯɚɧɢɡɦɚ 
ɞɜɢɠɟɧɢɹ ɡɟɪɟɧ ɤɚɤ ɰɟɥɨɝɨ. ȼ ɬɢɬɚɧɟ ɨɧ ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɢ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
(0,2Ɍɩɥ), ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɱɟɧɶ ɧɢɡɤɨɣ ɫɞɜɢɝɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɚɧɢɰ 
ɡɟɪɟɧ. 

ȼɥɢɹɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɫɵɳɟɧɢɹ 
ɨɛɪɚɡɰɚ ɬɢɬɚɧɚ ɜɨɞɨɪɨɞɨɦ ɧɚ ɫɨɫɬɨɹɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɨɤɚɡɚɥɨɫɶ ɫɬɨɥɶ 
ɫɢɥɶɧɵɦ, ɱɬɨ ɫɪɚɡɭ ɩɨɫɥɟ ɜɨɞɨɪɨɞɧɨɣ 
ɨɛɪɚɛɨɬɤɢ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ 
ɫɮɨɪɦɢɪɨɜɚɥɚɫɶ ɦɟɡɨɫɭɛɫɬɪɭɤɬɭɪɚ ɜ ɜɢɞɟ 
ɤɨɧɝɥɨɦɟɪɚɬɨɜ ɡɟɪɟɧ (ɪɢɫ. 2). ɉɪɢ 
ɩɨɫɥɟɞɭɸɳɟɦ ɡɧɚɤɨɩɟɪɟɦɟɧɧɨɦ ɢɡɝɢɛɟ 
ɬɚɤɨɝɨ ɨɛɪɚɡɰɚ ɪɚɡɜɢɜɚɟɬɫɹ ɫɢɥɶɧɨ 
ɜɵɪɚɠɟɧɧɵɣ ɷɮɮɟɤɬ ɷɤɫɬɪɭɡɢɢ – ɢɧɬɪɭɡɢɢ 
ɭɤɚɡɚɧɧɵɯ ɤɨɧɝɥɨɦɟɪɚɬɨɜ ɡɟɪɟɧ (ɪɢɫ. 3).  

ɇɚɢɛɨɥɟɟ ɬɢɩɢɱɧɨɣ ɦɟɡɨɫɬɪɭɤɬɭɪɨɣ, 
ɮɨɪɦɢɪɭɸɳɟɣɫɹ ɜ ɚɤɬɢɜɧɵɯ ɤɨɧɝɥɨɦɟɪɚɬɚɯ 
ɡɟɪɟɧ, ɹɜɥɹɟɬɫɹ ɩɨɥɨɫɨɜɚɹ.  

 
ɗɬɨ ɫɢɫɬɟɦɚ ɫɪɚɜɧɢɬɟɥɶɧɨ ɬɨɧɤɢɯ ɦɟɡɨɩɨɥɨɫ ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɩɥɚɫɬɢɱɟɫɤɨɝɨ 

ɬɟɱɟɧɢɹ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɢɯɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ ɫɨɩɪɹɠɟɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɤɚɫɚɬɟɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. ɏɚɪɚɤɬɟɪɧɵɦ ɞɥɹ ɬɚɤɨɣ ɦɟɡɨɫɬɪɭɤɬɭɪɵ 
ɹɜɥɹɟɬɫɹ ɪɚɡɜɢɬɢɟ ɦɟɡɨɩɨɥɨɫ ɜ ɭɫɥɨɜɢɹɯ ɫɢɥɶɧɨɝɨ ɝɨɮɪɢɪɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 

Ɋɢɫɭɧɨɤ 2. ɋɬɪɭɤɬɭɪɚ 
ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɝɨ Ti ȼɌ1-0, 375, 
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Ɋɢɫɭɧɨɤ 3. Ʉɨɧɝɥɨɦɟɪɚɬɵ ɡɟɪɟɧ ɜ Ti ȼɌ1-0 
ɩɨɫɥɟ ɧɚɜɨɞɨɪɨɠɢɜɚɧɢɹ; ɨɩɬɢɱɟɫɤɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ, N=35×106 ɰɢɤɥɨɜ, ×550 
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ɧɚɜɨɞɨɪɨɠɟɧɧɨɝɨ ɫɥɨɹ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɢɫɤɪɢɜɥɟɧɢɸ ɬɪɚɟɤɬɨɪɢɢ ɢɯ 
ɞɜɢɠɟɧɢɹ. ɉɪɨɞɜɢɝɚɹɫɶ ɤ ɜɫɬɪɟɱɧɨɣ ɝɪɚɧɢɰɟ ɤɨɧɝɥɨɦɟɪɚɬɚ ɦɟɡɨɩɨɥɨɫɵ ɢɫɩɵɬɵɜɚɸɬ 
ɫɢɥɶɧɨ ɜɵɪɚɠɟɧɧɵɣ ɩɨɜɨɪɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɫɜɨɟɝɨ ɞɜɢɠɟɧɢɹ, ɩɪɨɞɨɥɠɚɹ 
ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɜɞɨɥɶ ɷɬɨɣ ɝɪɚɧɢɰɵ. Ɂɚɪɨɠɞɚɸɬɫɹ ɦɟɡɨɩɨɥɨɫɵ ɥɨɤɚɥɢɡɨɜɚɧɧɨɣ 
ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɝɪɚɧɢɰɟ ɤɨɧɝɥɨɦɟɪɚɬɚ ɡɟɪɟɧ ɜ ɡɨɧɚɯ ɦɟɡɨɤɨɧɰɟɧɬɪɚɬɨɪɨɜ 
ɧɚɩɪɹɠɟɧɢɣ ɤɪɢɬɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ. 

ɋɨɩɪɹɠɟɧɢɟ ɩɥɚɫɬɢɱɟɫɤɢ ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɤɨɧɝɥɨɦɟɪɚɬɨɜ ɡɟɪɟɧ 
ɫ ɭɩɪɭɝɨ ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɩɨɞɥɨɠɤɨɣ ɜɵɡɵɜɚɟɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɦɟɡɨɫɭɛɫɬɪɭɤɬɭɪɵ 
ɟɳɟ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɦɟɡɨɭɪɨɜɧɹ II – ɨɛɪɚɡɨɜɚɧɢɹ ɡɚɦɤɧɭɬɵɯ ɫɭɩɟɪɩɟɬɟɥɶ 
ɷɤɫɬɪɭɞɢɪɨɜɚɧɧɵɯ ɤɨɧɝɥɨɦɟɪɚɬɨɜ. ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɷɬɢɯ ɫɭɩɟɪɩɟɬɟɥɶ ɨɤɨɥɨ 200 ɦɤɦ, 
ɫɪɟɞɧɹɹ ɪɚɡɧɨɫɬɶ ɜɵɫɨɬ ɷɤɫɬɪɭɞɢɪɨɜɚɧɧɵɯ ɢ ɢɧɬɪɭɞɢɪɨɜɚɧɧɵɯ ɤɨɧɝɥɨɦɟɪɚɬɨɜ ɜ 
ɫɭɩɟɪɩɟɬɥɟ ɞɨɫɬɢɝɚɟɬ 1,5 ɦɤɦ. Ɉɧɢ ɫɮɨɪɦɢɪɨɜɚɥɢɫɶ ɧɚ ɭɱɚɫɬɤɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ 
ɜɛɥɢɡɢ ɧɟɩɨɞɜɢɠɧɨɝɨ ɡɚɯɜɚɬɚ, ɝɞɟ ɫɨɡɞɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɚɦɩɥɢɬɭɞɚ ɢɡɝɢɛɚ, ɢ ɧɚ 
ɤɨɧɟɱɧɨɣ ɫɬɚɞɢɢ ɭɫɬɚɥɨɫɬɢ ɮɨɪɦɢɪɭɟɬɫɹ ɦɚɝɢɫɬɪɚɥɶɧɚɹ ɭɫɬɚɥɨɫɬɧɚɹ ɬɪɟɳɢɧɚ. 

ɇɚ ɪɢɫɭɧɤɟ 4 ɩɪɟɞɫɬɚɜɥɟɧ ɨɛɳɢɣ ɜɢɞ ɦɚɝɢɫɬɪɚɥɶɧɨɣ ɭɫɬɚɥɨɫɬɧɨɣ ɬɪɟɳɢɧɵ ɜ 
ɬɢɬɚɧɟ, ɢɦɟɸɳɟɣ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɣ ɡɢɝɡɚɝɨɨɛɪɚɡɧɵɣ ɯɚɪɚɤɬɟɪ. 

 

 
Ʉɚɤ ɩɪɚɜɢɥɨ, ɨɧɢ ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɜɛɥɢɡɢ ɝɪɚɧɢɰ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ 

ɤɨɧɝɥɨɦɟɪɚɬɨɜ ɡɟɪɟɧ. Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɬɪɟɳɢɧɵ ɟɫɬɶ ɩɨɜɨɪɨɬɧɚɹ ɦɨɞɚ ɞɟɮɨɪɦɚɰɢɢ 
ɧɚ ɦɚɤɪɨɦɚɫɲɬɚɛɧɨɦ ɭɪɨɜɧɟ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɤɨɧɨɦ ɫɨɯɪɚɧɟɧɢɹ ɦɨɦɟɧɬɚ 
ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ ɜ ɦɚɬɟɪɢɚɥɟ, ɨɤɪɭɠɚɸɳɟɦ ɬɪɟɳɢɧɭ, ɞɨɥɠɧɵ ɪɚɡɜɢɜɚɬɶɫɹ 
ɚɤɤɨɦɨɞɚɰɢɨɧɧɵɟ ɩɨɜɨɪɨɬɧɵɟ ɦɟɯɚɧɢɡɦɵ ɧɚ ɛɨɥɟɟ ɧɢɡɤɢɯ ɫɬɪɭɤɬɭɪɧɨ-ɦɚɫɲɬɚɛɧɵɯ 
ɭɪɨɜɧɹɯ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ ɩɨɹɜɥɟɧɢɸ ɬɪɟɳɢɧɵ ɜ ɡɨɧɟ ɟɺ ɡɚɪɨɠɞɟɧɢɹ 
ɩɪɟɞɲɟɫɬɜɭɸɬ ɜ ɯɨɞɟ ɰɢɤɥɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ: ɥɨɤɚɥɢɡɨɜɚɧɧɚɹ ɩɥɚɫɬɢɱɟɫɤɚɹ 
ɞɟɮɨɪɦɚɰɢɹ, ɫɨɩɪɨɜɨɠɞɚɟɦɚɹ ɦɚɬɟɪɢɚɥɶɧɵɦ ɩɨɜɨɪɨɬɨɦ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɢ 
ɜɢɯɪɟɜɨɣ ɚɤɤɨɦɨɞɚɰɢɨɧɧɨɣ ɞɟɮɨɪɦɚɰɢɟɣ ɜ ɩɨɞɥɨɠɤɟ, ɦɧɨɠɟɫɬɜɟɧɧɨɟ ɫɤɨɥɶɠɟɧɢɟ ɢ 
ɮɪɚɝɦɟɧɬɚɰɢɹ ɦɚɬɟɪɢɚɥɚ ɤɚɤ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɩɨɜɨɪɨɬɵ ɧɚ ɦɟɡɨɦɚɫɲɬɚɛɧɨɦ 
ɭɪɨɜɧɟ, ɨɛɭɫɥɨɜɥɢɜɚɸɳɢɟ ɮɨɪɦɢɪɨɜɚɧɢɟ ɬɪɚɧɫɥɹɰɢɨɧɧɨ-ɪɨɬɚɰɢɨɧɧɵɯ ɦɟɡɨɨɛɴɟɦɨɜ 
(ɪɢɫ. 5). 

Ɋɢɫɭɧɨɤ 4. Ti ȼɌ1-0. Ɉɛɴɟɦɧɚɹ ɨɩɬɢɱɟɫɤɚɹ ɤɚɪɬɢɧɚ ɨɛɳɟɝɨ ɜɢɞɚ ɭɫɬɚɥɨɫɬɧɨɣ 
ɬɪɟɳɢɧɵ, Nɪ=7.55×105ɰ., ×170, DIC 
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Ɇɟɬɨɞɨɦ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ ɩɪɨɮɢɥɨɦɟɬɪɢɢ ɜɵɹɜɥɟɧɨ ɪɚɡɜɢɬɢɟ 

ɦɢɤɪɨɩɨɪɢɫɬɨɫɬɢ ɜ ɡɨɧɚɯ ɫɢɥɶɧɨɣ ɤɪɢɜɢɡɧɵ. ȼ ɨɬɞɟɥɶɧɵɯ ɦɟɫɬɚɯ ɩɨɪɵ 
ɨɛɴɟɞɢɧɢɥɢɫɶ ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɚɤɤɨɦɨɞɚɰɢɨɧɧɵɯ ɦɢɤɪɨɬɪɟɳɢɧ, ɚɤɤɨɦɨɞɢɪɭɹ 
ɪɚɫɤɪɵɬɢɟ ɦɚɝɢɫɬɪɚɥɶɧɨɣ ɬɪɟɳɢɧɵ (ɪɢɫ.6). ȼ ɞɪɭɝɢɯ ɦɟɫɬɚɯ ɫɨ ɫɥɨɠɧɵɦ ɩɪɨɮɢɥɟɦ 
ɤɪɢɜɢɡɧɵ ɦɢɤɪɨɩɨɪɵ ɫɨɯɪɚɧɢɥɢɫɶ, ɱɬɨ ɨɛɭɫɥɨɜɢɥɨ ɩɪɟɪɵɜɢɫɬɵɣ ɯɚɪɚɤɬɟɪ 
ɚɤɤɨɦɨɞɚɰɢɨɧɧɵɯ ɬɪɟɳɢɧ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɪɵ ɮɨɪɦɢɪɭɸɬɫɹ ɜ ɡɨɧɚɯ ɝɥɭɛɨɤɨɣ 
ɢɧɬɪɭɡɢɢ ɫ ɫɢɥɶɧɨɣ ɤɪɢɜɢɡɧɨɣ. 

 

 
 
ȼɨɩɪɨɫ ɨ ɦɟɯɚɧɢɡɦɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɦɢɤɪɨɩɨɪ ɜ ɡɨɧɚɯ ɫɢɥɶɧɨɣ ɤɪɢɜɢɡɧɵ ɢ ɢɯ 

ɨɩɪɟɞɟɥɹɸɳɟɣ ɪɨɥɢ ɜ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɬɪɟɳɢɧ ɹɜɥɹɟɬɫɹ ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɵɦ ɜ 
ɬɟɨɪɢɢ ɭɫɬɚɥɨɫɬɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ. ȼ ɥɢɬɟɪɚɬɭɪɟ ɨɧ ɨɛɫɭɠɞɚɥɫɹ ɬɨɥɶɤɨ ɜ ɩɪɨɛɥɟɦɟ 
ɦɟɠɡɟɪɟɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɩɪɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɨɥɡɭɱɟɫɬɢ ɢ ɭɫɬɚɥɨɫɬɢ, ɤɨɝɞɚ 
ɢɧɬɟɧɫɢɜɧɨ ɪɚɡɜɢɜɚɸɬɫɹ ɞɢɮɮɭɡɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ. ȼ ɧɚɫɬɨɹɳɟɦ ɢɫɫɥɟɞɨɜɚɧɢɢ 

Ɋɢɫɭɧɨɤ 5. ɚ) Ti ȼɌ1-0, ×545, ɛ) 3D ɢɡɨɛɪɚɠɟɧɢɟ, ɜ) ɩɪɨɮɢɥɨɝɪɚɦɦɚ. 
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Ɋɢɫ. 6. Ti-H2. Ɉɩɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɮɪɚɝɦɟɧɬɚ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɜɛɥɢɡɢ 
ɦɚɝɢɫɬɪɚɥɶɧɨɣ ɭɫɬɚɥɨɫɬɧɨɣ ɬɪɟɳɢɧɵ ȺɄȼɋ ɢ ɚɤɤɨɦɨɞɚɰɢɨɧɧɨɣ ɬɪɟɳɢɧɵ KL, 
×180 (ɚ); ɂɧɬɟɪɮɟɪɟɧɰɢɨɧɧɚɹ 3D ɤɚɪɬɢɧɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɪɟɳɢɧɵ KL ɩɭɬɟɦ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɤɨɚɝɭɥɹɰɢɢ ɦɢɤɪɨɩɨɪ, ×200 (ɛ). N=105Ƚɰ. 

 ɛ 

Ʉ 

M

O 

L 

N 



ɋɟɤɰɢɹ 5. ɉɪɨɛɥɟɦɵ ɧɚɞɟɠɧɨɫɬɢ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɢ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɢ. 
 

348 

ɭɫɬɚɥɨɫɬɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɪɚɡɜɢɜɚɟɬɫɹ ɩɪɢ Ɍ=0,2Ɍɩɥ ɬɢɬɚɧɚ, ɤɨɝɞɚ ɩɪɨɰɟɫɫɵ 
ɞɢɮɮɭɡɢɢ ɩɨɞɚɜɥɟɧɵ. ɇɨ ɩɪɢ ɷɬɨɦ ɨɱɟɧɶ ɫɢɥɶɧɨ ɜɵɪɚɠɟɧɵ ɷɮɮɟɤɬɵ ɤɪɢɜɢɡɧɵ ɜ 
ɧɚɜɨɞɨɪɨɠɟɧɧɨɦ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɬɢɬɚɧɚ. ɂɯ ɨɩɪɟɞɟɥɹɸɳɚɹ ɪɨɥɶ ɭɫɬɚɧɨɜɥɟɧɚ ɜ 
ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ: ɭɫɬɚɥɨɫɬɧɚɹ ɬɪɟɳɢɧɚ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɟ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ, 
ɢɫɩɵɬɵɜɚɸɳɢɯ ɩɨɜɨɪɨɬ, ɚ ɱɟɪɟɡ ɡɨɧɵ ɝɥɭɛɨɤɨɣ ɢɧɬɪɭɡɢɢ ɜ ɩɪɢɝɪɚɧɢɱɧɵɯ ɡɨɧɚɯ, ɜ 
ɤɨɬɨɪɵɯ ɫɮɨɪɦɢɪɨɜɚɥɚɫɶ ɫɢɥɶɧɚɹ ɤɪɢɜɢɡɧɚ. 
 
Ɂɚɤɥɸɱɟɧɢɟ 

ɉɪɨɜɟɞɟɧɧɵɣ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɩɨɥɢɤɪɢɫɬɚɥɥɚɯ ɬɟɯɧɢɱɟɫɤɨɝɨ ɬɢɬɚɧɚ ɜ ɢɫɯɨɞɧɨɦ ɢ ɧɚɜɨɞɨɪɨɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɹɯ ɜ 
ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɹɯ ɩɪɢ ɡɧɚɤɨɩɟɪɟɦɟɧɧɨɦ ɢɡɝɢɛɟ ɮɨɪɦɢɪɭɟɬɫɹ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɚɹ 
ɦɟɡɨɫɤɨɩɢɱɟɫɤɚɹ ɫɭɛɫɬɪɭɤɬɭɪɚ-II, ɫ ɤɨɬɨɪɨɣ ɫɜɹɡɚɧɨ ɡɚɪɨɠɞɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ 
ɭɫɬɚɥɨɫɬɧɵɯ ɬɪɟɳɢɧ. ɗɥɟɦɟɧɬɚɦɢ ɦɟɡɨɫɭɛɫɬɪɭɤɬɭɪɵ-II ɹɜɥɹɸɬɫɹ ɤɨɧɝɥɨɦɟɪɚɬɵ 
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